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BEHAVIORAL Decision Analysis in the Insurance
SCIENCES Industry
The technique is to use indus-
s try-relevant cases to generate
interest and then to provide
a neat portable package to the
decision maker. N.A. Bond, Jr. 93

Diplomatic Shuttle Stress
Even for young and healthy aircrews,
it takes days to recover from the
Buenos Aires-London flight. N.A. Bond, Jr. 94

COMPUTER Closely Coupled Computer Systems

SCIENCES New architectures for distributed

computer systems exploit the par-

allelism inherent in such systems

to speed up the solution of exces-

sively lengthy problems. G.M. Sokol

. Research on Parallelism at Loughborough
¥ University of Technology (UK)
Loughborough gives its approach to
architecture and performance analysis
for parallel computing studies. Y.S. Wu

The Swiss Foundation for Research in
LEN.NEER|NG j Microtechniques

The foundation is stimulating

research related to the design

and application of microelec-

tronic and small mechanical

systems and the measurement of

micromechanical motion. P. Fire

. > MATERIAL Advanced Casting Technology

s 4 SCIENCES A NATO-AGARD meeting on Advanced
Casting Technology was held in
Brussels, 4-9 April 1982; key

3 papers of the meeting are re-

3

viewed. P.A. Clarkin

Materials Engineering at the Technion -
-1 Israel Institute of Technology
4 A description of some research in
' . progress in the Department of Mate-
) rials Engineering, Israel Institute
' of Technology is given. P. A. Clarkin

. The 7th-Advances in Reliability Tech-
: (maTHEMATICS | nelogy Symmem

Several papers presented at an
international symposium on re-
liability are described. D.R. Barr
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The European Institute for Advanced
Studies in Management
The organization and activities
of a European institute dedi-
cated to improving the quality
of management science research
in Europe are reviewed.

Solid State Physics at the Autonomous
University of Madrid
Solid state physics activities at
the Autonomous University of
Madrid are described.

Solid State Physics at the University
of Valladolid
The use of RAMAN spectroscopy to
study bonding in crystals, polymer,
and liquid water is the chief
research activity.

Solid State Physics at the University

of Zaragoza
Defects in insulators are the
major research interest of the
solid-state physics group.
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BEHAVIORAL
SCIENCES

DECISION ANALYSIS
INDUSTRY

IN THE INSURANCE

At first thought, the insurance business
would seem to be a good place for the decision
anatyst to operate. There must be, one imag-
ines, gigantic data banks available, and the
material in them could be converted into ac-
curate probabilities of certain critical events
(deaths, injuries, damage claims, and so forth).
And since insurance companies deal in money,
there would be monetarily-equivalent payoff
values for many of the branches and twigs in a
decision tree. For any given decision problem,
then, one would need only to set up and foid
back the tree, and the rank ordering of the
alternatives would emerge. All very neat.
Furthermore, one would think, insurance
underwriters and executives would be good
clients, as they would necessarily be trained in
probability theory and familiar with such
concepts as utility and expectation.

None of the above expectations holds true.
At least they didn't for Prof. Lawrence Phillips
at the Decision Analysis Unit, Brunel Univer-
sity, UK. During his several years of contact
with the insurance industry he found that most
of the underwriters he encountered were not
statistically trained, that their daily activities
were not concerned with explicit probabilities,
and that they had only rudimentary notions of
risk and expectation. How, then, could they
write policies that could be sold and that would
yield their companies a satisfactory profit? A
general answer, which often came from the
executives themselves, was that one gathers
information, evaluates it, and comes to some
decision; but such an answer is rather unsat-
isfactory. When Phillips started out as a
consultant to the industry, one of his goals was
to further the application of quantitative de-
cision analysis; his successes and failures in
that endeavor are generally instructive for
analysts who try to introduce new technologies
into a real-world arena where large amounts of
money and highly significant issues are at

stake.
Phillips quickly found that, like many

other executives, insurance underwriters often
could not fully explicate their judgmental pro-
cesses to an outside person. When they were
pressed, a few heuristics might emerge: an
executive might say, "Well, if you don't know
much about a given accident risk insurance,
write it for a while on a rather small sample of
customers who have been either very good or
very bad risks before, and see how it stands
up.” Such rough rules are often plausible and
useful. But heuristics may not remain valid (if
they ever were valid) from one domain to
another, or from one decade to another.
Factors such as new laws, accounting and
government agency practices, and court awards
can introduce uncertainties. Many large
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companies actually have reported underwriting
losses over recent years; in some cases, only
their investment income has saved them from
bankruptcy.

After suitable preliminaries, one company
elected to introduce decision analysis via a
five-stage process:

(1) Commitment at executive level
to systematize decision making.

(2) "Dialogue period" between decision
analyst and company people to
understand better each other's
language.

(3) Preparation of a tailored seminar
to demonstrate how decision analy-
sis might work in the industry.

(4) Pretesting and administration of
seminar to underwriting managers,

(5) Report-back by seminar participants
regarding their use of the seminar
models and methods.

During their careers, many analysts have
presented short courses in decision theory; in
fact, one leading figure was heard to remark
that, if suddenly awakened in the middle of the
night and led to a blackboard, he might start
drawing the tree for Raiffa's famous oil-
wildcatter probiem. For the insurance ex-
ecutives, Phillips was careful not to rely on the
general appeal of the decision model; in fact,
he first had two underwriters attend decision
courses at Brunel and then try to use the
material in real insurance problems; this allowed
the development of special case studies that
were almost guaranteed to be interesting to
insurance people. The case studies were then
examined intensively in the seminar as it was
presented to some 20 executives.

The seminar was regarded positively by
those who attended it, probably because the
case studies were so obviously relevant, be-
cause the two insurance people who worked up
the case material were included as part of the
instructor staff, and because the administration
was done by the insurance company and not by
a consulting company or university. When each
attendee filled out a questionnaire a few months
later regarding the utilization of material that
was encountered in the seminar, nearly all
thought that decision analysis was useful. The
most relavant part of the material had to do
with probability definition and estimation;
practically nobody actually drew a decision tree
or went through the business of folding back a
tree to discover the optimal decision to take.
This operational result is both positive and
negative: via a carefully constructed short
course, you can introduce precise concepts, but
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these ideas cannot really be expected to be
grasped or utilized immediately.

After the seminar period, the analyst was
engaged by the company to visit various com-
pany locations and, when feasible, to attempt
relatively brief decision analyses of active
problems at the site. As part of his toolbag,
the analyst carried with him a portable com-
puter and software program that could assist in
the construction and analysis of moderately
sized decision trees. An editing mode permitted
revision of the tree structure and of the proba-
bilities and utilities, and of course there was a
hard-copy output of expectations for each
decision-making option.

The availability of the analyst and his
portable software package led to the devel-
opment of several small models in the insurance
company. These often took only a couple of
hours to produce and to run; although such
time restrictions meant that rigorous scaling of
values could not be done, it often happened
that certain options could be eliminated and that
the whole business of structuring the problem
could be improved. One interesting example
had to do with the evaluation of alternative
insurance packages for a client. Several major
objectives were listed and weighted from the
standpoints of both the insurer and the client;
while this exercise was not the most complex
application of multiattribute utility theory ever
reported, the explicit weighting process gave a
useful delineation of the problem and made it
easier for the company to negotiate with the
client,

As noted above, despite the fact that they
are in a statistical business, underwriters often
have little knowledge of statistics. In response
to several problems he encountered in pre-
dicting "burning cost" (expected value of next
year's claim), Phillips provided a linear pre-
diction procedure in his software kit. This
procedure was put into an easy-to-follow,
10-step sequence, so that a nonexpert user
could insert previous data, and the program
would produce cost predictions. (This par-
ticular program was set up so that any one of
three predictive submodels could be employed—
another recognition of the fact that the user
should feel that he was influencing the analysis
and was not just applying some canned but
unknowable mystery to the problem.)

The lessons from this particular industrial
involvement may be quite far reaching. Among
the most important is the "how to get in"
history. The way to get in, after obtaining the
initial high-level commitment, is to have problem
materials that are industry relevant and in-
dustry immediate; textbook problems, whatever
their appeal to the specialist, are not enough.
After you get in, then what? Judging from the
Phillips account, a good thing to remember is to
start small and to accept scaled-down benefits
from the analysis; then, even if an optimal
policy cannot be calculated, a decisicn-maker
may see that the strict "comparison"
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requirement of setting up the problem has
improved his grasp on reality.

If a technologist has a few explicit models
that can be easily conveyed and quickly per-
ceived as useful, the models can contribute to
the overall acceptance of the concept. The
burning cost prediction scheme that Phillips
used might seem simple to statisticians, but its
accessibility and flexibility must have had a
strong appeal to the industry clients.

Military decision-analysts and systems
people might ponder some differences between
this rather low-and-slow experience of a British
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academic in the insurance industry and the way .
that military decision-aiding projects go for-
ward. For their military proposals, manu-

facturers often suggest gigantic configurations
of computers, displays, and communication
devices. Many years and many dollars may be
expended before the big system reaches the
trial stage, and when it does, it is often dis-
appointing. Would the big-military-systems
history have been any more positive if this
same kind of modest but solid introduction of
decision-theory ideas had been done first?

Nicholas A. Bond, Jr.

ONR London

DIPLOMATIC SHUTTLE STRESS

During the April 1982 negotiations over the
Falkland Islands, US Secretary of State Alex-
ander Haig made several trips between Wash-
ington, DC, Buenos Aires, and London. The
length of the flights and the strenuous schedule
upon arrival caused much discussion regarding
the impact upon all the principals involved, and
particularly the effects upon Secretary Haig,
who was 57 years old and had undergone cor-
onary artery surgery 2 vyears earlier. Of-
ficially, Haig felt fine, and he even played
tennis in between his April crunch of meetings,
but all the activity must have exacted high i
metabolic and hormonal costs from him. .

By coincidence, the effects of the Buenos
Aires-London run on airlines personne!l and
passengers were studied a few years ago by a i
team of English and Argentine investigators i
headed by Malcolm Carruthers of St. Mary's :
Hospital, London (now at Maudsiey Hospital,

London). The Argentina-London run is over ‘
7,000 miles long; it goes a quarter of the way

around the world in terms of latitude and

one-sixth of the way around in longitude. For
his observations, Carruthers chose the month of
January, the time of year when Britain ex-
periences its coldest weather while Argentina is
in the hottest part of summer. Fasting venous 'f
blood samples were taken at 24-hour intervals, ‘
starting a short time before the flight left
Buenos Aires; urine samples were collected
every 4 to 6 hours. EEG (Kaiser) and EKG
(Ve position) recordings were made on each of
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the three pilots during the flight. Most mea-
surements were continued for 2 days after the
flight was completed, so the whole project
embraced 4 days, with takeoff from Buenos
Aires at 1700 hours on day one.

Blood cholesterol and fatty-acid levels were
stable over the 4 days, while triglyceride and
glucose levels rose during the flight and re-
turned to preflight figures on the day after the
flight. Plasma cortisol was lower on the third
and fourth days.

Aircrew urine adrenalin was normal during
the flight but became very much higher by the
fourth day; noradrenaline was higher for all
samples taken except for the second day. This
agreed with an earlier study, which found
postflight adrenaline and noradrenaline levels
rising to 2603 and 159% of control levels. Heart
rates rose during all the landings and takeoffs
as expected, reaching about 125 per minute on
the Argentine and Brazilian takeoffs; these
peaks were lowered somewhat, to the 110 range,
for the later takeoffs and landings in Madrid,
Paris, and London. Figure 1 shows measure-
ments taken over the 4 days against a quotidian
background of control measurements in a
ground-based sample of age-matched people.
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Although EEG data for the pilots were
probably not very reliable because of the
cockpit recording situation, there were some
disquieting indications. Two pilots showed
*microsleep” EEG patterns, with spindles and
waves in the 12 to 14 Hz region and mass
synchronization. It might not be an exag-
geration to say that these men were asleep with

their eyes open. The two flight engineers
showed very-low-frequency EEG rhythms, which
are typical of drowsiness. Most of the data
obtained from the aircrew and passengers are
consistent with the idea of persistent stress
effects following long flights; although this
particular study did not experiment with the
latitude variables, there is certainly the sug-
gestion that rapid latitudinal changes may
heighten the stresses that would be caused by
any long flight.

Carruthers did not give psychological tests
to his subjects before and after the flight, but
other work has found that the decrements in
aircrew scores from flights are often sur-
prisingly small, To a farge extent, this may be
because aircrew members are nearly always
young, very healthy, and used to being tested,
and because they can readily mobilize their
resources, at least for short periods.

Inasmuch as unremitting stress cannot fail
to have negative effects on the middle-aged
people who do the "shuttie diplomacy," it is
worth asking why that negotiating technique is
so popular these days. The memoirs of di-
plomats often say that an exhausting, high-
tension shuttle can have energizing effects on
all the participants involved; the nontraveling
diplomats also seem to feel the pressure for
something to report and may therefore be
inclined to concede a little more to the shuttie
person. The international publicity and sus-
pense also can be seen as constructive in at
least some circumstances.

It is regrettable that knowledge in this
domain is so imprecise that psychologists cannot
offer much help in deciding where the tradeoffs
lie between the positive effects of energizing
and the negative emotional and intellectual
effects of an arduous shuttle episode. What is
certain, however, is that the cumulative nega-
tive effects are bound to be greater in the
older people who perform diplomatic shuttles
than those observed in younger aircrew sam-
ples. This means that various possibilities for
protecting the shuttle person might be ex-
plored. Carruthers proposed that, when a key
person does a continuous shuttle activity, the
persons meeting him, say in Buenos Aires,
should be required to meet his natural hourly
working and eating schedule. Such an ar-
rangement might favor the shuttle traveler
slightly at the expense of his hosts, who could
be meeting in the middle of the night and
therefore upsetting their own bodily rhythms,
But even given such an arrangement, as. Car-
ruthers' work showed, the flight itself will
inevitably exact its penalties from the traveler.

It might well be worth proposing, as
standard diplomatic practice when international
crises erupt, that adequate time be allowed for
shuttle diplomats to recover their normal bodily
rythms. Such practice could be considered as
one of the Iindispensable requirements for
productive negotiation. It would also provide a




on T T T e TREAT T

T W

e S @

— e AT

ESN 36-5 (1982)

diplomatically desirable cooling~off period for all
concerned.

Nicholas A. Bond, Jr.
ONR London

COMPUTER
SCIENCES

CLOSELY COUPLED COMPUTER SYSTEMS

When examining multiple computer systems,
it is frequently helpful to classify the system
organization according to the degree of coupling
between the individual computers within the
particular system., Closely coupled systems are
those in which each computer has a memory
capability dedicated to its own private use, and
in which, often but not always, there is a
supplemental memory resource available to be
shared by all the computers in the system.
The real distinction between close and loose
coupling in multiple computer systems is that in
closely coupled systems, individual tasks are
broken into parts that are assigned to various
computers so that the computers can be thought
of as sharing in the execution of the talk, while
in loosely coupled systems each computer usu-
ally does an entire task, and only the results
are exchanged between computers.

When we think about solving a problem,
most of us are used to thinking sequentially.
Iin working with closely coupled computer sys-
tems, we must revise our habits and organize
the solution to fit efficiently into a parallel
pattern. The decomposition of sequential
algorithms into a group of algorithms suitable
for concurrent processing seems conceptually
straightforward, but it is not easy. There are
many classes of problems, however, in which
even strenuous efforts would be worthwhile,
because to date we have been unable to find
algorithms or computers powerful enough to
provide sequential solutions within a reasonable
time, Digital signal processing, speech analysis
and synthesis, and target identification are
among the subjects that could benefit from
efforts which are now being made to master
closely coupled systems.

At the Loughborough University of Tech-
nology (LUT), UK, Prof. David J. Evans heads
the Department of Computer Studies, and he
and his associates have established one of the
key centers in the UK for the study of closely
coupled computer systems. (The details of LUT
research in this area are described in the
following article of this ESN issue.) To satisfy
the need for a powerful research test bed,
Evans has built a closely coupled multiple
computer system called NEPTUNE.,

NEPTUNE is a parallel processing system
consisting of four Texas Instruments 990/110
minicomputer processors connected to one
another through a system of five buses. There
are four local buses, each of which links one
processor to 96 kilobytes of random access
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memory. A fifth common bus is connected to
the four local buses through appropriate cou-
pling and isolation circuitry. The common bus
provides access to a shared disc file with a
capacity of 50 megabytes and a shared random
access memory of 64 kilobytes. Each computer
thus has a combined memory capacity of 160
kilobytes. The shared memory is controlled by
one processor that alone is able to allocate
blocks within the memory. As the entire
memory can be accessed by all processors, a
small area of the memory, dedicated to inter-
processor communications, contains information
used by all as to the location of any shared
memory allocations.

The hardware architecture of NEPTUNE is
straightforward, and it is probably evident that
the biggest challenge associated with NEPTUNE
relates to the decomposition of any algorithm to
be used on the system. Such decomposition
must produce a set of parallel programs that
will exercise all four processors efficiently and
will not require excessive overhead time to be
spent on synchronization or information ex-
change. Each individual parallel program is
divided into two parts, one of which contains
the program code to be run and local variables,
while the other contains shared variables.
Some applications have already been run on
NEPTUNE and take about 28% of the time which
would have been required to perform the same
processing on a single sequential computer; at
these efficiencies, an overhead of 10% is quite
acceptable.

The above results were presented at a
demonstration of NEPTUNE that opened a work-
shop on closely coupled systems chaired by
Evans and held at Loughbérough on 6 and 7
April 1982. Between 30 and 40 specialists in
closely coupled computer systems were in at-
tendance, many of whom were the junior lec-
turers and research fellows specializing in this
field at a handful of British universities (LUT,
Univ. of Sussex, Univ. of Manchester, Univ. of
East Anglia at Norwich, Hatfield Polytechnic,
and Polytechnic of Central London). Jointly
sponsored by LUT and the UK Science and
Enginee:ing Research Council (SERC), the
workshop addressed a number of themes of
strong current interest: requirements for
parallel languages, program decomposition for
closely coupled systems, and fault detection and
recovery in closely coupled systems.

In the first technical session after the
NEPTUNE demonstration, Dr. G. Shoza (Univ.
of Sussex, Brighton, UK) discussed concur-
rency requirements and their impiementation in
a multiprocessor environment. Actually, the
paper presented the results of a study of the
Ada Intertask Communications Primitives and
their implementation on a multiprocessor com-
puter system. To accommodate concurrency in
closely coupled systems, a programming lan-
guage should have good facilities for com-
munication and synchronization between parallel
paths; also required are well-structured com-
pile-time checks to assure correctness.
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Languages such as Concurrent PASCAL,
PASCAL PLUS, and MODULA use monitor
concepts that combine high- and low-level

constructs, thus limiting the architectural
freedom of application of these languages. It
was hoped that Ada would be somewhat freer of
such limitations and would also be responsive to
further requirements imposed by concurrency:
information transfer, identification of
communicating tasks and partners, a degree of
nondeterminism, and provisions for absorbing
failure or delay in parts of the system.

Since no complete Ada complex was avail~
able, Shoza implemented Ada tasking features to
supplement a PASCAL compiler and then studied
the performance capability of the resulting
combination. He concluded that Ada was dis-
appointing in terms of its suitability for use in
closely coupled systems and that it was limited
in many applications by the absence of a broad-
cast facility. He also found that, though Ada
was easy to use in conjunction with shared
memory multiprocessor systems, its advantages
disappeared when one attempted to use Ada in
systems without shared memory. Finally, he
found that in many applications likely to be
found for closely coupled systems, Ada over-~
head requirements for input-output interrupts
due to entry calls were likely to be unac~
ceptably high.

In the same session, Dr. Javed Shanechi
of LUT delivered a paper on methods for match-~
ing algorithms to computer systea. architecture,
The authors were interested in comparing
several different approaches to parallelism as
alternatives to the hitherto conventional se~
quential solutions for locating the eigenvalues of
real symmetric tridiagonal matrices. This writer
assumes the importance of such problems, but
will hereafter report only on the aspects of the
activity of interest to computer specialists.

In the Distributed Array Processor (DAP)
manufactured by International Computers Ltd.
(ICL), a single control processor operates in
connection with 4,096 one-bit slave processors,
all of which can execute the same instruction at
any given time but on different data. For each
instruction, any specified combination of slaves
can be deactivated. The control processor can
broadcast the same data to all slaves or, al~
ternatively, each slave can move its data to an
adjacent slave. Performance depends on the
length of the data, with addition time increasing
as a linear function of word length and multi-
plication time increasing as the square of word
length.

On the Cray-1S vector processor, com-
puting power is achieved by pipelining or
causing successive steps to start without
waiting for all preceding steps to finish, but
both techniques (array and vector processing)
suffer in such cases because of the great need
for synchronization. To put it another way,
algorithms calling for a high degree of syn-
chronization work better.

On an asynchronous system like NEPTUNE,
the algorithms must be quite different,
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Shanechi did not offer any clues to help select
one of the three types of parallel systems by
comparing them with one another, but rather
compared each of the parallel techniques to a
sequential solution on the related single com-
puter. Thus, for a solution involving 4,096
eigenvalues, the DAP ran more than ‘50 times
faster than a conventional ICL 2980 computer
(the DAP host). And the Cray-1S sequential
solution took seven times as long as the Cray
pipelined solution. The NEPTUNE provided a
speedup factor of 3.7 compared to what would
have been achieved by solving the problem on a
single computer.

Dr. L. Dixon (Hatfield Polytechnic, UK)
discussed the role of parallelism in optimization
and presented preliminary results of work done
on NEPTUNE and the DAP in areas where good
sequential algorithms exist. Parallel systems
seemed appropriate if the sequential solution
took too long or if the size of the problem was
too big to attack sequentially. At least four
types of optimization problems were named as
being amenable to parailel solution:

(1) Small-dimensional problems in
which the time required for op-
timization is much less than total
time.

(2) Small-dimensional problems in
which the time required for op-
timization is approximately as
great as the total time available.

(3) On-line problems in which the
time available for optimization is
very small.

(4) Multiple small problems, each re-
quiring cptimization.

Dixon showed preliminary results for some
of the cases, and his findings seemed to in-
dicate that, if a two-step refinement were used,
enormous improvement over sequential solutions
could be achieved. In the first step, he de-
veloped a straightforward parallei solution and
ran it. The second step was a rerun, made
after the major time-consuming components of
the first parallel solution had been identified
and improved. He indicated that even when the
original sequential solution had been well op-
timized, a reimplementation on n-parallel paths
could produce much more than n times improve-
ment.

Jane W. Hughes (Univ. of Manchester
Inst. of Science and Technology, UK) discussed
the development of a parallel programming
language, Distributed Translation Language
(DTL). This effort was motivated more by the
desire to respond to programmers' needs than
to comply with parallel hardware structures.
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She started by tracing the history of the effort
from 1970, when Wirth and Djkstra implemented
stepwise refinement in the strongly hierarchical
PASCAL. By 1976, Parnas and Liskov had
implemented concepts of data obstruction encap-
sulation in CLU, a language in which the hier-
archical structure was suitable for good control
of sequential solutions. By 1978, the ideas of
"Process Abstraction" had been advanced by
Hoare and Jackson; that approach used con-
currency, which.is not hierarchically structured
as a design tool. DTL, then, is designed to
add the benefits of hierarchical structure to
design of a parallel system and has been con-
structed to allow the specification of hier-
archical structures of networks of concurrent
processes, structures of structured trans-
lations, and communications on fully synchro-
nized data streams. DTL is adaptable to vari-
ous hardware architectures, both closely cou-
pled and loosely coupled.

Dr. M. Woodward spoke on reliability in
NEPTUNE. He described techniques for iden-
tifying failures in the system and for restoring
the system to proper operation in a new con-
figuration that bypasses the failed element,
through the use of an abstract resource ring
(ARR). The ring is a master scheme for
system resource control in which notional
ownership of resources passes around a ring
from the current user of the resource to the
next one requiring it. There will be one ARR
for each resource in the system. The scheme
has not been implemented yet but deserves
evaluation,

Dr. David A. Duce (Rutherford Labo-
ratory, Oxfordshire, UK) is the academic
coordinator for the British National Science and
Engineering Research Council (SERC). He
pointed out that SERC now also has an indus-
trial coordinator available to attempt to find
ways of exploiting the undeniably impressive
academic achievements of SERC's Distributed
Computing Systems Programs (ESN 35-8:298
{1981]). The SERC program remains a national
and world asset and it might be noted that two
important investigators in the program (D.
Aspinall at the Univ. of Manchester, and Y.
Paker at Polytechnic of Central London) are
also doing work under grants from the Euro-
pean Research Office of the US Army Research,
Development and Standardization Group, UK.

Y.S. Wu (US Office of Naval Research,
London) observed that the greatest chance for
exploitation of this class of parallel computing
technology lies in the digital signal processing
field. Unfortunately, the two fields represent
different disciplines and the two communities
seldom communicate with one another. On this
occasion, at least, Wu was able to make one
community aware of the other,

An overall assessment of the meeting leads
to one conclusion about the subject matter, and
also to one about the British and European
methods of holding meetings. In distributed
computer systems, it is clear from this work-
shop that progress in Britain is respectable and

characterized by restraint, intense professional
discipline, and modest quantities of resources
applied. Emphasis is heaviest on the deliberate
preliminary stages of performance analysis and
evaluation of alternative architectures rather
than on the early commitment to the con-
struction of potentially interesting test beds.

Workshops like the one discussed here are
by invitation only; they are not intended to
offer outsiders an opportunity to observe the
work before it has reached the state of com-
pleteness at which it is published in inter-
nationally read journals generally available to
US scientists. Rather, they are intended to
permit two-way, or n-way exchanges of jdeas
among the small group of dedicated profes-
sionals at the center of any technical com-
munity. In this way they tend to be quite
different from similar meetings in the US,
which, intentionally or not, most often become
forums for the dessemination of information to
the community at large. The workshop on
closely coupled systems represented a valuable
glimpse of the exchange process working very
effectively.

G. M. Sokol

US Army European Research,
Development and Standardization
Group, UK

RESEARCH ON PARALLELISM AT LOUGH-
BOROUCH UNIVERSITY OF TECHNOLOGY (UK)

Performance Analysis

Among the research propjects in the De-
partment of Computer Studies at the Lough-
borough University of Technology (LUT),
Loughborough, UK, there is a particular em-
phasis on performance analysis of parallel
algorithms and parallel computers. Performance
analysis can determine computer throughput and
possible bottlenecks within a particular com-
puter system for various types of processing
loads. Parallelism can be introduced into a
processing algorithm in several ways and the
resulting programs will make different demands
for parallel resources. Parallel programs always
require more than one processor, communication
of shared data, and synchronization of parallel
processes among processors. Several demands
may compete for a shared resource. This may
create a performance limit on the resource and
increase the processing overhead associated
with the arbitration of the demands and the
queuing (or waiting) of requests.

The pattern of demand for each resource
varies from program to program with respect to
different parallel architectures. The perfor-
mance measure for parallel computing can be
defined in at least two ways: as the ratio of
speed of a program on n processors to that on
a unit processor, or as a percentage of poten-
tial output of n independent processors. The
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LUT approach to the problem is to develop a
quantitative view of the demands for all shared
resources made by algorithms to a parallel
system. Such ar analysis concentrates on the
inherent limitations on the performance due to
competition for a system comprising n pro-
cessors that are operating asynchronously to
complete a common task. The constraint that
all the processors are working on a common
task requires sharing of information, and the
shared information needs to be changed dynam-

ically during processing. Conceptually, each
processor must access a shared data base,
process the resuits, and store them. A sys-

tem with n identical processors can perform the
task n times as fast as a uni-processor only if
the overhead access to the shared data base
and the capacity to store the processed results
are exactly the same as for a uniprocessor.
Such operation is impractical, because the task
must be subdivided into n or more separate
subtasks either before the processing starts or
during processing. If n subtasks are not
available at any time, all processors cannot be
busy at the same time, so some must be idle.
If one subtask generates results that are re-
quired as input to another subtask, at some
point the latter subtask will be unable to pro-
ceed until the former subtask has been com-
pleted. This implies a need for the overhead of
sequencing subtasks properly. [f the number
of processors that can access the data base
simultaneously is less than n, there will be an
overhead associated with checking to insure
that the number of simultaneous accesses is not
exceeded. Time also will be wasted if pro-
cessors have to wait to gain access.

For the above reasons, LUT identified two
distinct classes of overhead. The first kind of
overhead is due to the design of software and
hardware and encompasses such matters as
subdivision of the task, allocation of the tasks
to processors, checking by hardware and
software for contention on accesses to the
database, and checking for correct sequencing.
These are all static once the number of pro-
cessors, the methods of communication, syn-
chronization and task allocation, and the al-
gorithm to be processed are decided, because
the number of subtasks, the number of syn-
chronizations, and the number of accesses are
all properties of the algorithm itself. A second
class of factors includes those due to the
interference between two or more subtasks that
are running on different processors and that
cause one or more of the processors to wait.
This dynamic cost depends both on the algo-
rithm and on the detailed timing considerations,
which may vary even if the same task is exe-
cuted on the same hardware on consecutive
occasions.

LUT formulated the performance time of a
multiprocessor either as a speedup factor S or
in terms of the time not used productively, W,
where
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S = T(1l) _ time taken on a single processor
T(p) Ttime faken on a p processor sys.
or

W = p*T(p) - T(1) = the sum of times taken
by the p processors to
complete their subtasks
less the time taken on
a uniprocessor.

The time wasted must be equal to the sum of

the static and dynamic overheads. If algorithm
design time is ignored this would be
w A +Iq.B. 2 C 3 W, +Z X..)
= tA +Z q.B. r + 3 .+ ..
i 17 x k'k i=1 i j ij

where t is the number of subtasks

A is the creation and allocatior: overhead
for a task

B. is the overhead associated with an
access to the jth type of resource and
qj is the number of accesses to

this resource
C is the overhead associated with the
kth synchronization method and M is
the number of such synchronizations
W. is the time the ith processor is idle
waiting for subtasks to be allocated
Xij is the time the ith processor waits for
access to the jth resource.

The first three terms give the static
overhead; the rest is the dynamic overhead.
The S and W measures are related such that

T(1l) + W

T(p) > )

and

T (i)
S« g-(-)——wl +
The maximum possible speedup factor of a given
algorithm is realized when the dynamic overhead
is zero. As noted above such a situation is
virtually impossible.

A communication-based system that consists
of processors interconnected by a network
differs greatly from the closely coupled system
discussed above. For this kind of system, the
static overhead includes: (1) the time re-
quired to establish local copies of required
parts of the data bases in each processor, (2)
the time required for sending messages among
processors, and (3) the time required for
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updating the local data bases to incorporate the
messages. Under these circumstances, the
dynamic overhead involves only the shared
resource, the network communication system.

The Parallel Processor Testbed

The parallel processor testbed at LUT is
called the NEPTUNE system. It is based on 4
Texas Instrument (TI) 990/10 minicomputers.
The configuration is shown in Figure 1. The
system is connected by 5 buses (TILINES).
Four TILINES are local buses for 4 processors,
each with access to 96 Kbytes of memory. Each
of thie TILINES js linked with the 5th shared
bus via a standard TILINE coupler to add 64
additional Kbytes of memory and 50 Mbytes of
disc storage. Each processor has access to 160
Kbytes of memory.

I,0 "0
_ L ]

Fig. 1

Under the control of the manufacturers' stan-
dard muititasking operating system (DX 10),
programs are allowed to exist in three segments
and tasks are set up to share data and program
in one processor. A parallel program designed
to be run on the system consists of two parts:
(1) program code and local data, and (2)
shared variables. LUT modifies the software to
allow the commands used to generate the par-
allel programs and thus ensure that two parts

of the program can reside in different seg-
ments. Parallel programs are initiated from one
processor, which loads the shared segment into
the shared memory and then flags the coop-
erating processor with the starting address of
the private segment. Requests for mutual
exclusion and for the generation and termination
of parallel paths are handled by calls from the
user program to specified control routines
linked with the user program as part of the
paraliel program module. The LUT developed
software allows a user to specify the start and
end of parallel processes and the critical sec-
tions of codes involved.
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Parallel processes are generated and
allocated to processors dynamically; the sched-
uling is achieved by means of a shared list of
processes protected by mutual exclusion. The
dynamic loss of performance arising from “con-
tention* is measured by software. Several test
programs were designed to measure the losses
from multiple requests to a block of shared
memory. The programs generated rates of
accesses to the memory not normally achievable
from user programs. Some results are sum-
marized in Figure 2 on the preceding page.
The curves represent programs that would use
50%, 30%, 158, and 108 of the shared memory
cycles if the program were run on only one
processor. In the 50% case with 4 processors,
one processor suffered starvation and crashed.
Contention losses due to mutual exclusion
applied to data structures are shown in Figure

lmj o X
[
]
X
95 °
©
- 907
3
»
g
& X
»
&
)
}
- (-]
X
701
b
507
Key: O two processor data
504 X four processor data
x
4
%
T T T T T T
62 123 25 50 100 200
Total Resource Utilization
Fig. 3

LUT used a random number generator to have
irregular access patterns in order to measure
contention on shared data structures, along
with some special programs to measure con-
tention effects. The test programs generated a
known mean rate of access to a data structure

protected by mutual exclusion. The mean was
calculated from the relative amounts of time
spent updating the resource. The results,
reflecting asynchronous contention for shared
resources, are shown implicitly as related only
to percentage utilization levels in Figure 2,

Summary
erformance analysis and testbed ex-

periments enable LUT to quantify the closely
coupled system behavior of parallel processing.
In addition, comparative studies have been pur-
sued in regard to execution of parallel algo-
rithms on several different architectures,
namely, Cray-1, Distributed Array Processor
(DAP), and NEPTUNE. The algorithms are
multisection method for eigenvalues, successive
line overrelaxation, global optimization, and sort
¢ merge. The Loughborough work is another
good example of the UK approach of attacking
the problem by analysis and conducting ex-
periments on existing equipment, rather than
by quickly committing RE&D resources to pos-
sibly premature hardware construction.

Y.S. Wu
ONR London

THE SWISS FOUNDATION FOR RESEAKCH IN
MICROTECHNIQUES

Over the last decade or so, the Swiss
watch industry has lost a significant part of its
share of the world market to American, Jap-
anese, ana Hong Kong based companies. The
industry, with the support of the Swiss federal
and cantonal governments, is now mounting a
long-range campaign to recover its position in
the marketplace. A focus for the effort, as it
relates to research and development, has been
designated; it is the Fondation Suisse pour la
Recherche en Microtechniques (FSRM). FSRM
recently moved into a 5,000-m? facility in
Neuchatel, the traditional center of Swit-
zerland's watchmaking industry, and it is
setting up a teaching and research-and-
development laboratory there. Plans call for a
research-staff level of about 20, in the 1982-83
period, offering third-cycle (i.e., PhD level)
courses and thesis support in the field of
"microtechniques," a term that includes the
design and application of microelectronic and
small mechanical systems and devices and the
measurement of micromechanical motion. FSRM
has already begun to channel both governmental
and industrial funds to the watch-related re-
search activities at the two Swiss Federal
Institutes of Technology (ETH-Z in Zorich and
EPF-L in Lausanne), at several cantonal uni-
versities, and at several industrial iaboratories
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(e.g., the Centre Electronique Horloger [CEH]
and the Laboratoire Suisse pour la Recherche
en Horlogerie [LSRH]). As might be expected,
the cantonal university that is most active in
the program is the Université de NeuchStel
(UNe).

The research at UNe is concentrated in the
Institut de Microtechnique (IMT), which,
roughly speaking, is UNe's electrical engi-
neering department. Three professors and
about 30 graduate students make up the re-
search staff of the institute. Prof, Fausto
Pellandini, the head of [MT, described the
organization's general research program and its
relationship to FSRM. IMT is divided into two
groups, one working in the area of electronic
circuits and systems and the other specializing
in optical measurements and applications. A
third group, which  will  specialize in
microtechniques and sensors (and, presumably,
will have the closest relationship to FSRM), is
to be established sometime in 1982, after the
arrival of a new professor who will head the
group. Until that time, the electronics group
will provide the primary support to FSRM.
Pellandini shares responsibility for leading the
electronics group with Prof. Arvind Shah, while
Prof. René Diandliker heads the applied-optics
group. The institute is relatively young (it
was formed in 1978) so it is not burdened with
a classical electrical-engineering department's
commitment to heavy electrical machinery. Its
character is shaped by a relatively young staff,
headed by the three professors, and by the
physical environment, a converted watch factory
whose unplanned obsolescence serves as a
constant reminder of modern technology's
challenge to Swiss industry. The latter factor
is reflected in a tight-lipped attitude on the
part of the staff in discussions related to
research being done there that is supported by
industry; this gives the visitor to IMT the
impression that it is more like an industrial
laboratory than an academic one.

Pellandini indicated that they had just
completed the development of a speech-
recognition system for use in simple control and
measurement applications. The system is de-
signed to operate with a single speaker, who
trains it by providing 3 samples of each isolated
word in a 20-to-40-word semantically structured
vocabulary. It is designed to operate in a mild
noise envirbnment, providing a reaction time of
about } s with an error rate of about 43%. He
described its complexity as that which could be
accommodated by one CMOS integrated-circuit
chip. (But that chip has not been produced;
the sponsor, which had not given permission to
have its name released, had not -yet decided
whether it would develop the system for pro-
duction.) On the basis of its experience in
that developmental effort, IMT has been granted
federal support to extend speech-signal-
processing research. The effort will include
single- and multiple-speaker speech and speaker
recognition, and will envision applications in the
telecommunications, microdevice-manufacturing,

and security industries. Industrial support has
also been granted by CEH for a speech-
processing project. (This seemingly incon-
gruous relationship—speech and timekeeping—
points out a significant change -in the thinking
of the watch industry's planners: They want
to develop a whole new array of devices that
will be wrist-borne; if it will fit inside a watch
case, it qualifies for consideration as a possible
product.)

Medical electronic devices are also being
develeped by the electronics group. Two such
devices were mentioned in that context: a
sphygmomanometer-related signal processor and
an ovulation detector. The sphygmomanometer
problem is one in which the acoustic noise
produced by blood flowing through the arteries
(Korotokoff noise), which has its significant
spectral components in the 20-to-100-Hz range,
must be separated from the heartbeat pulse
signal, which has its significant spectral com-
ponents extending up to about 10 Hz. (Koro-
tkoff-noise measurements are used to pinpoint
the values of systolic and diastolic blood pres-
sure as the external cuff pressure being
applied to the artery is varied.) Pellandini
believes that the very-low-frequency filtering
requirement, coupled with the time-varying
nature of the signal, preciudes the use of
switched-capacitor filters, so his group has
developed an integrated "quasi-continuous” form
of digital filter specifically designed for
medical-electronic applications. The integrated
circuit used in the sphygmomanometer also
includes the capability to control the applied
pressure, to detect the critical pressures, to
measure the pulse rate, and to store the results
for future comparisons.

The ovulation-detector project, which is
just getting started, is supervised by Shah.
Shah indicated that the classical body-
temperature-measuring technique was recently
tested by the United Nations' World Health
Organization and found to be too unreliable.
He hopes to receive support from Fonds Na-
tional Suisse de la Recherche Scientifique, the
Swiss counterpart of the US National Science
Foundgtion, to study the problem, but at
present, the researchers at IMT are still trying
to define the physical measurement(s) that will
provide a reliable indication of ovulation and
will also be simple enough to be carried out by
unsophisticated users {patients) with some sort
of inexpensive device.

The group's dedication to miniaturization
also extends to the design of sensors and the
associated interfaces between the sensors and
the data processor-controller. Pellandini de-
scribed some miniature thermometers (quartz
crystals cut so as to enhance their resonant-
frequency sensitivity to temperature changes)
and other piezoelectric transducers used to
measure pressure, velocity, and displacement.
Sensors for use in fluid-flow and chemical
measurements (e.g., pH and ion concentration)
were also being developed. The group is
attempting to integrate the sensor an
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associated preprocessor for the signal, and the
system interface electronics on a single chip for
as mapy cases as they can. The control and
data-bus designs being considered are all based
upon two-wire multiplexed systems, again for
the purpose of making that part of the system
as small as possible.

IMT's preoccupation with a micro world is
sometimes relieved: Shah described one project
that seemed gargantuan in the context of IMT,
namely, the analysis and optimization of resi-
dential installations of sofar-energy collectors.
In particular, IMT will study hybrid systems,
i.e., those that combine thermal collectors and
photovoltaic converters. Shabh takes issue with
the conclusions recently published by a com-
mittee of the American Physical Society (APS),
which had been studying the same problem. He
commented that the APS study concluded that
such systems would not be cost effective in the
near future, but he feels that their cost pro-
jections were questionable and that the dif-
ference in space limitations (for larger systems)
that exist in the European environment may also
lead to a different set of conclusions and re-
commendations for future developments.

Before we left the subject of electronic
devices and systems, Pellandini spoke again
about the critical problem facing Neuch3tel's
watch industry. IMT's research in support of
timekeeping systems includes the development of
microprocessor chips specifically designed for
wristwatches and the design of software tools
for use on those projects. The severe limi-
tations on both size and power dissipation in
watches (chip area < 40 mm2; power dissipation
s 2 to 3 uW) and the demand in the marketplace
for a wide variety of time-related and other
(e.g., game-oriented or biological-measurement)
functions has led IMT to consider a variety of
specialized architectures for such uses. In
particular, the researchers evaluated the
trade-off relationship between chip area and
power consumption for a variety of levels of
complexity of the instrument by comparing
different algorithms for enlarging the time data,
different instruction sets, memory-address
methods, interrupt systems (for changing
modes), and parallel-versus-sequential pro-
cessing approaches. The work is continuing at
IMT under FSRM sponsorship, in cooperation
with Centre Electronique Horloger (CEH),
EPFL, and Asulab SA, a watch manufacturer
located in NeuchB8tel. A report on the work
was presented at the EUROMICRO Conference in
Paris in September 1981; it concluded with the
recommendation that a parallel-processing ar-
chitecture be employed in order to constrain the
power consumption. While the report did not
deal explicitly with the advances being made in

producing integrated circuits with much higher,

circuit densities, the decision to emphasize the
power-consumption part of the trade-off—rather
than the circuit complexity—seems to be con-
sistent with the Very-Large~Scale-Integration
(VLS!1) era which is just ahead.
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The work in applied optics under Dand-
liker falls into three areas: the detection of
pressure and temperature variations by optical
fiber sensors, optical pattern recognition
(robot-vision), and optical metrology tech-
niques. In the first area, the group s
working with Kabeloptik, a Swiss manufacturer.
Two phenomena are being considered: the
variation of the speckle pattern of the output
light energy from a physically distorted multi-
mode waveguide, and the change in monomode
transmission caused by enhanced birefringence
when a transverse mechanical force is applied to
the fiber waveguide. As part of the optical-
pattern-recognition project, Dankliker and the
group have implemented a hybrid Fourier-
transform-based technique that uses the high-
speed parallel-processing properties of coherent
optical hardware (to establish two Fourier-
transform planes) and the flexible character-
istics of electronic processing software (to
operate on the data derived in the two planes).
At the output of the system, the type of object
under observation, its orientation, and its
location in the object plane are indicated. |In
the first transform plane, the power (intensity)
spectrum is sensed in 2 dimensions by a ro-
tating linear array of 720 charge-coupled
diodes. The process reduces the two-dimen-
sional pattern to a one-dimensional signature
that is correlated with the entries in a library
of reference signatures. This gives an indi-
cation of the type (i.e., shape) and orientation
of the object but does not provide information
on its location within the field of view in the
object plane (because the location of the in-
tensity spectral data in the Fourier-transform
plane is invariant under linear motion in the
object plane}. The location data are derived by
phase-sensitive measurements in the second
Fourier-transform plane. This is done by using
two pairs of photodetectors operating in a
heterodyne system with a reference wave
shifted in frequency by about 100 kHz. The
photodetectors measure phase differences in a
pair of orthogonal directions within the trans-
form plane; the location of the object in its
plane can be related directly to the phase shifts
in accordance with the shift theorem. The
3° accuracy in phase measurement that has been
achieved corresponds to a minimum displacement
of the "center" of the object by about 2% in the
field of view. Dandliker reported on the tech-
nique at the September 1981 meeting of the
International Commission of Optics in Graz,
Austria. Since then, he has been investigating
the limitations on the resolution of the tech-
nique and the possibility of using multiangular
illumination to resolve ambiguities between some
types of objects by using three-dimensioral
differences.

Dandliker's work in optical metrology is
probably the IMT project best known to Amer-
ican researchers. Before he came to the uni-
versity, Dandliker was on the staff of the
Brown Boveri Research Center in Baden, Swit-
zerland. While there, he developed a number
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of techniques to measure microvibrations by
using speckle interferometry and to estimate
internal stress and strain conditions within
isotropic elastic materials from holgraphic mea-
surements of surface deformations. The work
was reported in Experimental Mechanics (March,
1979), Journal of Applied Mechanics (Septem-
ber, 1979}, and Ogtlcs Letters (April, 1981),
The watch industry's interest in quartz vib-
rators matched Dandliker's interests; with that
industry's sponsorship, he is now generalizing
his work on microvibration measurements to
include a phase-measurement capability for both
in-plane and out-of-plane components. The
systems measure vibration with amplitudes down
to about 1 nm with spatial resolution of about
30 um.

The visit to the Institut de Microtechnique
left the author with the impression that its
small staff is spread rather thinly across a wide
range of disciplines and projects but that it
appears to be well supported in these projects
by both industry and the government. [IMT
had been recommended by a French researcher
in speech signal processing as the place to go
to learn about speech-processing systems re-
search in Switzerland. In the course of visits
to various communications-oriented R&D facilities
in Switzerland—including three universities,
four industrial organizations, and the federal
post, telephone, and telegraph laboratory—the
appropriateness of that recommendation, and its
understatement, became clear: no research in
the areas of speech synthesis or speech recog-
nition systems appears to be going on anywhere
eise in the country.

P. Fire

GTE Sylvania Systems Group
Mountain View, CA

MATERIAL
SCIENCES

ADVANCED CASTING TECHNOLOGY

We are all aware of the rapid escalation in
costs of military systems, with single ships now
costing more than a billion dollars and single
aircraft costing tens of millions of dollars,
Perhaps no segment of society appreciates this
more than the services themselves, which see
their ability to acquire new systems eroded by
cost escalation. It is no wonder, then, that
attempts to reduce systems acquisition and life
cycle costs are of the highest priority and
involve efforts to reduce costs of even the
smallest components of the systems.

To a designer of metal components or a
materials engineer, one intuitively obvious way
of reducing costs of complicated fabricated or
machined components in new designs is to
substitute cast components. Why then do we
not see more evidence of such substitutions
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being made? This was the theme of a recent
meeting on advanced casting technology for
alrcraft and aerospace applications held in
Brussels, Belgium, on 7 to 9 April 1982, under
the auspices of the Advisory Group for Aero-
space Research and Development (AGARD) of
NATO.

The technical sessions gave designers, the
potential users of castings, the opportunity to
express their needs and reservations and also
provided an opportunity for the producers of
castings to describe their present capabilities,
to call attention to new developments, and to
explain what they felt they would be able to do
in the near future. There were also presen-
tations by representatives of the research
community on such subjects as management of
cast structure by solidification control.

Session |, “"A Review of Use and Devei-
opments of Castings," began with a presentation
by D.J. Duckworth, (British Aerospace [PLC]
Aircraft Group), a user of castings. Duck-
worth spoke of his group's experience with
castings over the previous 35 years, much of it
quite satisfactory. He pointed out that castings
were not used more extensively for many rea-
sons, not all of which were technical. For
example, many designers continue to specify
forged, machined, or fabricated parts for new
aircraft because this type of processing has
been used in the past and they simply are not
aware of what foundries now can do. Also,
designers use machined or fabricated parts in
the prototype stage of a new aircraft for con-
venience. The parts then become frozen into
the design, and customers are reluctant to
spend the money to substitute castings in
production models, even though overall cost
savings might be demonstrated. Finally, Duck-
worth expressed the belief that, in the past,
foundries had oversold their capabilities to
users in terms of what could be cast, tolerances
that could be met, and delivery schedules that
could be maintained. He felt that many of the
nontechnical problems could be solved by in-
viting designers to the foundries to make them
aware of the capabilities foundries have, by
more realistic attitudes on the part of foun-
drymen, and by getting technical represen-
tatives from the foundries together with the
designers at the very earliest stages of design.
If this was done, castings could be considered
for use when the designers began their work
and not merely as later substitutes for machined
components. According to Duckworth, this
substitute role has inhibited the casting process
from developing its full potential.

Duckworth said that while castings were
cost effective for producing complex shapes and
reducing machining and assembly costs, they
had several technical disadvantages. The most
serious of these were the need to use obligatory
casting factors in addition to normal design
factors, which imposed weight penalties; the
need to test cast parts more extensively than
machinings, especially the expensive radio-
graphic testing required; and the limitation on
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casting size, which, he noted, was a limitation
that was disappearing as a result of recent
improvements in casting technology. To over-
come these disadvantages, he made the following
suggestions to his listeners: Investigate the
production and use of larger castings where
large weight savings over fabricated parts are
possible; improve casting quality to eliminate or
reduce casting factors required (among other
things, he advocated the increased use of hot
isostatic pressing {[HIP] of castings to seal
porosity); improve casting tolerances; attempt
to reduce the amount of radiography, especially
of HIP castings, by more selective specification
of critical parts that need radiography; use
castings of lower weight, such as magnesium
alloy castings; and develop stronger cast alu-
minum alloys.

D. Mietrach, (VFW GmbH, FRG) presented
a prognosis of the use of aluminum alloys by
the aircraft industry. This was the result of a
study of the current capabilities of foundries,
the analysis of the economics of the casting
process, and a cost-benefit analysis of different
representative components. The analysis in-
dicated that casting a typical component, which
was often complex, resulted in a typical cost
savings of 258 and weight savings of 20% over
assembling the same component from individual
machined parts. Mietrach concluded that the
use of aluminum castings in aircraft would rise
by about 20% during the period 1980 to 1995.

The remainder of the papers in the first
session were reviews of developments in casting
technology. H. Nieswaag, (Univ. of Delft, The
Netherlands), presented a detailed picture of
general casting processes using thé flow dia-
gram shown in Figure 1. He acknowledged that
the foundryman had to control several factors

MOULD CAVITY
] POURING MELTING
" AS-CAST
IcaTION STRUCTURE

HEAT TREATMENT

CAST PRODUCT

AS HEAT TREATED
STRUCTURE

PROPERTIES }

CAPABILITY

Fig. 1

to produce a good casting: mold wall instability
during pouring and solidification, pickup of
gases and other reactions during melting,
turbulence and mold erosion during pouring,
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and feeding behavior. However, he said that it
was basically the solidification process that
governed the properties and quality of a cast-
ing. He then went on to discuss solidification
processes, with particular emphasis on the
intricacies of feeding practice and the adjust-
ment of cooling rates to control structure,
porosity, and concomitant mechanical properties.
In addition, Nieswaag spoke about recent ad-
vancements in sand casting procedures, spe-
cifically the role of chemically bonded sands in
improving the dimensional accuracy of castings.

P.H. Jackson (AICAL Ltd, UK) reviewed
developments in aluminum alloy investment
castings, and J.F. King (Magnesium Elektron
Ltd, UK) spoke about ‘trends in magnesium alloy
castings. Jackson reiterated some of the points
made by Duckworth, i.e., the designer has to
be more familiar with the capabilities of foun-
dries and the foundryman must be brought in
at the early stages of design. To illustrate his
point, Jackson pointed out that many property
specifications still being used by designers for
aluminum alloys were based on old foundry
practices that dealt' with sand castings. As a
result, he said, properties of modern invest-
ment castings were much better than those
being specified. For example, he observed that
yield strengths available were 132% of specified
values, while available ultimate tensile strengths
and elongation wvalues were 124% and 130% of
specified values, respectively. King traced the
development of cast Mg alloys over a period of
20 years and cited the development of high-
strength, high-temperature, silver or rare-
earth-containing alloys and high strength,
zinc-rare earth alloys for hydride strengthening
as being particularly significant. He also said
that a lower cost, silver-free alloy would soon
be available that would have higher strength
and better temperature stability than many
currently used Al alloys, e.g., strength of 300
N/mm? that could be maintained up to 250°C.
King went on to talk about new developments in
the casting of Mg alloys, such as fluxless
melting using CO, plus SFg cover gases instead
of fluxes to reduce inclusions, and the use of
resin-bonded sands to improve surface quality
and dimensional accuracy. Finally, he talked
about treatments to protect Mg castings from
corrosion’ but noted that there were no sig-
nificantly new approaches. For example, anodic
treatments such as DOW 17 and HAE are still
the standard methods for applying protective
films, although King mentioned other newer
anodizing methods (e.g. MGZ and Magnadize)
whose advocates claimed higher film build-up
rates, but they had not been tested long
enough for their service behavior to be evalu-
ated. Despite recent advances in alloy tech-
nology, however, comments after King's talk
made it clear that the corrosion of Mg still
seriously inhibits its more widespread use. In
fact, the protective coating systems themselves
were mentioned as a problem area for Mg cast-
ings, because for inspections to be made for
flaws in Mg parts in service, the coatings have
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to be removed, and this is no mean feat in
itself.

The second and third sessions of the
meeting were devoted to developments in casting
theory and practice. The papers reviewed
methods of controlling solidification rates and
solidification structures and outlined casting
processes developed recently to control struc-
ture, reduce the inclusion content, and improve
quality, and recent developments in cast tita-
nium alloys.

Among the presentations related to methods
for reducing inclusion content and porosity
were those by M. Broihanne (Messier Fonderie
d'Arudy, France) and J. Campbell (Cosworth
Res. and Dev. Ltd, UK). While there were
some marked differences in the processes they
described, both were low-pressure sand-casting
techniques that involved bottom filling of the
mold to reduce turbulence and inclusions.
Broihanne used gas to lift the metal, while
Campbell (the GKN & Cosworth Process) pumped
the metal up to the mold with a special pump
with no moving parts, as shown in Figure 2.

The process described by Campbell was par-
ticularly interesting because of the holding
furnace used to reduce oxide and nonmetallic
pickup, and the use of low-expansion, high-
thermal-capacity, resin-bonded sands to reduce
thermal distortion and improve dimensional
accuracy. Campbell claimed that in casting Al
lengths of 500 mm, accuracy of better than
+ 0.25 mm could be guaranteed and a repeat-
ability of + 0.10mm could be expected.

G. Williams (GKN Technology Ltd, UK)
talked about a hybrid casting-forging process,
called squeeze forming, shown schematically in
Figure 3. The dies used in the process are
made of hotworking die steels such as H13 and
are temperature controlled to stay within the
range 200 to 250°C during Al processing. This
produces long die life, and Williams estimated
that up to 50,000 components could be pro-
cessed before die wear would becomc a problem.
The cycle time for the process was as short as
30 s for some parts, but typical costs for
processing parts were not given. The process
produces parts with good surface definition,
and excellent material yield is claimed. It is
particularly suited to circular shapes, but more
complex parts can be processed by means of
split dies. So far, 20 Al alloy compositions,

106

3

&

LAUN
EJECTOR )
[
PRESSURE
ﬁw
/

Fig. 3

both cast and wrought alloys, have been pro-
cessed by squeeze forming. The cast alloys
produced by the method had mechanical prop-
erties superior to those of conventionally pro-
cessed castings. For example, ailoy LM25
(Al-7% Si-Mg) in the as-formed condition had a
0.2% proof stress of 124 MN/mm?, UTS of 195
MN/mm2, and elongation of 15% compared to
values of 90 MN/mm2, 180 MN/mm? and 5%,
respectively for a conventional casting.

In an interesting talk that illustrated how
solidification control could alter structure and
properties, D. Apelian, (Drexel Univ.) dis~
cussed the recently developed processes, rheo-
casting, compocasting, diffusion solidification
(SD), and the vacuum-arc double-electrode
remelting (VADER) process.

Rheocasting consists of cooling an alloy
melt to a temperature at which partial solid-
ification takes place, stirring the mushy ma-
terial to break up and refine the dendrite
structure, and then die casting. Among the
advantages claimed for rheocasting are improved
die life because of lower casting temperatures,
reduced shrinkage, and easier materials han-
dling. A variation of rheocasting is compo-
casting, which involves the addition of second-
phase particles or fibers to a rheocast slurry to
produce a composite structure upon solidifi-
cation.

Diffusion solidification, as illustrated in
the case of steel, consists of infiltrating a
heated mass of low-carbon solid-steel particles
with a high-carbon liquid iron and allowing
isothermal diffusion and solidification to take
place. The following are advantages of the
process: a dendritic structure is avoided and
there is no columnar zone, shrinkage and
segregation are reduced, and casting tempera-
tures are lowered. There are also limitations:
the solid used must be of high quality in order
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to assure good mechanical properties, and the
technique is limited to systems in which the
distribution ratio (C_/C,) is above 0.4.

The VADER Iting process consists of
horizontally vacuum melting two consumable
electrodes and allowing the molten droplets to
fall into a mold underneath. In research on
superalloys, fine-grained equiaxed castings
have been produced, in contrast to the coarse
columnar-grained structures produced by the
competitive vacuum arc remelt process. The
mechanical properties of alloys produced by the
VADER process were illustrated with alloy U718
and were particularly good, especially the
ductility value, about 40% at room temperature.

In the area of titanium castings, papers
by B.A. Ewing (Detroit Diesel Allison) and L.J.
Maidment (MBB GmbH, FRG) were typical.
Ewing described his company's development of
investment-cast compressor Iimpellers and con-
cluded that the use of cast titanium compo-
nents, rather than machined forgings, could
bring significant cost reductions, that the state
of the art of casting Ti had advanced sig-
nificantly over the past few years, and that
new alloys and processing concepts should
improve the fatigue performance of cast. Ti
components, something that is of great concern
to designers. Maidment spoke about his com-
pany's investigation of the use of centrifugally
cast Ti-6Al-4V alloy for a helicopter rotor head.
He pointed out that, while the fatigue endur-
ance limit of the cast alloy is only 63% of the
wrought alloy value, an acceptable component
fatigue life could conceivably be obtained by
minor design modifications of the rotor head.
He also noted that the 15% reduction in ma-
chining costs achieved by using a casting
rather than a forged part did not, in itself,
make a casting a viable alternative. On the
other hand, he felt that improvements in the
centrifugal casting technique of titanium would
lead to alloys with improved structure and
properties and make them competitive with
machined parts in aerospace applications.

The final session of the meeting was
concerned with casting practice and quality
control. C. Liesner (TITAL, FRG) discussed
the philosophy of quality assurance and the
conflict between the user, whose demand for
more reliable parts was increasing due to more
stringent liability laws, and the producer, who
had to consider the economics of the situation.
He gave examples of quality assurance pro-
cedures relevant to aluminum and titanium
castings. J. Thiery (SNECMA, France) talked
about defects in steel and superalloy castings
for turbojet engines and methods of detection
and correction. S. Kennerknecht, (Cercast,
Canada) concluded the session with a review of
the metallurgical variables that influence the
production of quality investment castings.

The meeting and the papers presented,
which will be published later as an AGARD-
NATO document, provided an excellent review
of the state-of-the-art of casting technology,
especially as related to the aerospace field.
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The sessions brought out many of the reser-
vations held by designers with respect to cast
parts and illustrated the roadblocks, many of
which were not technical, faced by the casting
industry in its attempt to get the aerospace
industry to use more castings. They also
brought out the fact that some significant
advances had been made in casting technology
over the previous decade or two, especially
with respect to casting quality, dimensional
accuracy, and the complexity of parts that
could be produced. Some of the key points the
author got from the meeting were:

(1) There is a great need to get foun-
drymen and designers together
at the earliest possible point
in the design of new components
and to effect an open, working
partnership between them,

(2) To make better use of current
casting technology, it is de-
sirable to design components
from the beginning as cast parts
rather than to use castings as
substitutions for machined or
fabricated parts later.

(3) Porosity is still a serious
problem. Many look to hot
isostatic pressing (HIP) as a
solution in many cases, e.g.,
Ti alloys. Others consider the
need to use HIP as a fallure of
the casting process and another
added cost factor.

(4) The problem of obtaining test bars
to determine the mechanical prop-
erties of a casting is a serious
one. The use of integral test
bars adds costs to the casting,
and the question still exists as
to whether properties of the test
bars are representative of those
of critical parts of the casting.
The question is especially valid
in the case of separately cast
test bars.

(5) While recent advances in casting
technology have improved the situ-
ation, thin sections still present
a problem.

(6) Some of the newer casting processes
or hybrid casting processes offer
unique opportunities for micro-
siructural modification and property
control. At present, it is difficult
to determine whether costs will be
competitive.
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Whether the meeting accomplished the
objectives of its initiators only they can say,
but It was certainly a step in the right direc-
tion.

P.A. Clarkin
ONR London

MATERIALS ENGINEERING AT THE TECHNION

As previously noted in these pages, Tech-
nion, the Israel Institute of Technology, is the
premier engineering school in Israel. The
Department of Materials Engineering, established
in 1968 as part of the faculty of Mechanical
Engineering, offers materials-related courses
within the Mechanical Engineering Faculty and
other engineering faculties but does not grant
undergraduate degrees. At the graduate level,
however, both MSc and DSc degrees in mate-
rials engineering are offered; there are about
80 graduate students enrolled. Prof. Ben-Zion
Weiss is head of the department, which includes
a staff of 17 full-time, 25 part-time, and 9
adjunct members. Materials research, which
covers a broad spectrum, is supported by both
the state (about 55%) and private sources, some
of which are outside Israel.

Profs. David Brandon and Elazar Gutmanas
‘are collaborating in research on high-technology
ceramics for strength and wear applications.
This is a relatively new effort; in the past most
interest in ceramics has been confined to tradi-
tional ceramics. The present research seeks to
determine the effect of microstructure on me-
chanical properties and to learn how to tailor
microstructures to improve those properties.
Three projects are now in progress. The first
is a study to improve the mechanical properties
of AD-85 Coors alumina. This alumina contains
a glassy phase that promotes densification at
lower temperatures. The glassy phase sur-
rounds the alumina particles and is considered
to be a source of defects and weakness,
Brandon and Gutmanas are trying to improve
the strength of this composite material by heat
treatments that alter the morphology of the
microstructure and the distribution of micro-
stresses within the structure. So far, they
have determined that heat treatment, especially
controlled cooling, can increase strength by as
much as 150%, although increases of 40 to 60%
are more usual. At the same time, the fracture
toughness can be raised by a factor of 3, from

3 to 9 MPa mi. Brandon feels that these
improvements are due to a redistribution of
microstresses within the composite structure
rather than to surface effects, which some
investigators have proposed. In another inter-
esting aspect of research on this material,
Gutmanas has used indentation tests to show
how the loading rate can affect fracture
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properties by causing a change in c¢rack path.
For example, as the loading rate increases, the
crack path changes from one that follows the
glassy phase alone to one that cuts across both
the glassy and alumina phases. The results of
this work will be presented at a technical
meeting in Australia later this year.

In another project, Brandon is studying
transformations at low temperatures in partially
stabilized zirconia, The impetus for this in-
vestigation stems from practical work involving
the shrink fitting of zirconia liners for diesel
engines. Brandon observed that when Zr0,,
stabilized with either MgO or both MgO and
Ca0, was held at liquid nitrogen temperatures
for a period of time, diffuse scattering was
observed in x-ray patterns. He feels that what
he is seeing is an isothermal martensitic trans-
formation of the cubic phase that has never
been observed before.

The third project, which is just getting
under way, concerns the use of chemical vapor
deposition (CVD) of ceramic coatings on tools to
improve wear resistance. Coatings such as
TiC, TiN, and Al;03 on tungsten carbide tools
will be studied. Brandon noted that previous
investigators of wear of coated tools concluded
that much of the wear is due to chemical re-
actions between the coating and the surface of
the metal being machined and that wear is often
a function of the morphology and grain ori-
entation of the coatings. He spoke of his plans
to investigate this aspect further in the new
project.

In addition to his collaborative efforts with
Brandon, Gutmanas is conducting research on
compaction of powders at very high pressures.
Over the past several years, he has shown that
when one pressed powder compacts at a pres-
sure of about 2 to 4 GPa, which is 5 to 10
times the customary pressure, not only are high
densities achieved (>95%), but a great deal of
cold welding takes place between particles.
Thus, compacts with high strengths are pro-
duced that can be further strengthened to their
full potential by relatively low temperature
sintering treatments. For example, stainless
steels pressed at high pressures can be sin-
tered satisfactorily at temperatures of only
1,000°C compared to temperatures greater than
1,300°C required for conventionally pressed
material. Gutmanas feels that savings achieved
by sintering at lower temperature may outweigh
the increased die costs and longer pressing
cycles dictated by high-pressure compaction.
In addition, he feels that high-pressure com-
paction would be particularly suited for pro-
cessing composites in which one is attempting to
minimize interactions between components, for
composites containing a component that ther-
mally decomposes at high temperatures, or for
processing materials that would experience
unwanted phase transformations at high pro-
cessing temperatures. Some examples of these
would be metal-bonded diamond composites,
metal-intermetallic composites, and metastable or
amorphous materials.




Prof. J. Yahalom, recently returned from
sabbatical leave in the US, is reconstituting his
research programs. He is interested in ther-
mogalvanic processes wherein the anode and
cathode are at different temperatures. He is
motivated by the desire to provide Iimproved
solar energy conversion systems, which are
particularly applicable in Israel, where housetop
solar hot water systems can be seen in pro-
fusion. He would also like to continue his
investigations of how surface energy affects
critical potential for pitting, some aspects of
which he reported at the last international
conference on passivity in Airlie, Virginia.
Yahalom is also interested in continuing re-
search on pulse plating to enhance deposition
rates and lower hydrogen pickup, research on
modulated structures produced by periodically
altering potentials of plating baths, and re-
search on the interaction of laser radiation with
plating systems to enhance deposition rates and
to provide means for selective deposition.

Prof. Y. Komen is working on interfaces,
thin films, and electronic materials. Much of
his research involves transmission electron
microscopy investigations of interfacial struc-
tures produced by processing. Recently, for
example, he was involved in an investigation of
the nature of the interface of explosively
bonded materials. According to Komen, just
finding the interfaces of explosively bonded
materials is a formidable task: to simplify the
experimental difficulty, single crystals were
used. One of the interesting discoveries was
the close resemblance of the structure at the
interface to thermomechanically treated material.
In most cases, Komen found signs of recrystal-
lization at the interface, but he was unable to
determine whether this was due to dynamic
recrystallization or was a result of working and
annealing by the shock and thermal waves
inherent to the explosive bonding process.

Komen is also working with silicon thin
films. He has been investigating recrys-
tallization behavior in order to effect con-
ductivity changes. His technique consists of
depositing polycrystalline films, irradiating the
films to produce an amorphous structure, and
then annealing them to get recrystallization and
grain growth. While doing this, he observed
an interesting "memory effect" wherein irra-
diated amorphous films recrystallized upon
heating and reverted to the grain size they had
before irradiation. The effect seemed to hold
as long as the irradiation level that produced
the amorphous structure was below a certain
level. Komen speculated that this behavior
might provide a clue as to structural rear-
rangements in the amorphous state or to the
amorphous state itself, as defined by con-
ventional x-ray evidence.

Finally, Komen is studying the changes of
electrical and electronic properties of thin films
as a result of gas adsorption to produce selec-
tive solid-state gas detectors. He hopes to
continue some aspects of his research programs
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at the IBM Research Center, wheré he will soon
be spending his sabbatical leave.

Prof. |. Minkoff was unavailable at the
time of the author's visit, but F. Ornath, one
of Minkoff's PhD students, outlined ongoing
research on steel armor materials and ballistic
deformation and fracture of steel armor. Or-
nath has been studying microfracture processes
and the role of microstructure on dynamic
fracture processes for his doctoral research.
Ballistic testing is carried out for Ornath by
Rafael, the Israel Armament Authority. Among
other things, his research has again confirmed
the importance of microstructural cleanliness to
high-quality steel armor and the role that
inclusions play as initiation centers in dynamic
fracture processes. For this reason, and
because Israel has no facilities for producing
rolled armor, Ornath is particularly interested
in studying materials produced by processes
such as argon-oxygen decarburization. This
process, which is capable of producing high-
quality steel, is a casting operation that can be
handled more easily by a foundry than can
processes such as electroslag remelting or
vacuum 